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THE    INTENSITY-FREQUENCY   OF   KANSAS  WINDS' 


By  A.  W.  Zingg,  project  supervisor,  Division  of  Erosion  Control  Practices,  Research, 

Soil  Conservation  Service"^ 


This  report  presents  the  results  of  frequency  studies  of  wind  movement  in  the  cen- 
tral portion  of  the  Great  Plains  region.  The  research  is  confined  to  the  analysis  of 
anemometer  records  for  the  months  of  April  at  12  locations.  It  is  further  limited  to 
periods  of  record  for  which  each  gage  location  is  constant. 

The  writer  has  cited  'previously  the  adaptability  of  the  frenuency  approach  as  a  tool 
for  making  quantitative  estimates  of  intense  wind  wovetients.^  The  need  for  such  informa- 
tion as  related  to  the  Problem  of  soil  erosion  by  wind  has  also  been  discussed.  The 
present  work  extends  the  application  of  this  approach  to  the  'Ooint  wherp  some  generali- 
zation is  possible.  The  study  should  be  broadened  eventual ly  to  include  all  records 
available  in  the  High  Plains  area.  Periods  of  wind  movement,  in  addition  to  those  oc- 
curring during  the  vionth  of  April,  should  be  considered  also.  An  endeavor  of  this  scope 
is  beyond  the  extent  of  resources  available  for  the  Present. 

PROCEDURE 

Estimates  of  the  recurrence  of  given  climatoiogica J  phenomena  have  been  made  by 
various  methods.  Where  short-time  records  are  used,  no  known  method  can  yield  fre- 
quency curves  having  the  prooerty  of  stability.  The  recognition  of  this  limitation 
warrants  the  adoption  of  a  simple  method  which  yields  reasonable  results.  After  several 
procedures  were  tried,  a  simplified  Gumbel  method  described  by  Powell  was  adopted  for 
this  particular  study.  This  method  was  developed  originally  for  the  estimation  of  flood 
frequencies.  Tt  is  applied  here  to  wind  movement  with  some  simplification  and  with  ap- 
propriate changes  in  the  nomenclature. 


^Contribution  from  the  Deoartment  of  Agronomy,  Kansas  Agricultural  Experiment  -station, 
Manhattan,  Vans.,  and  the  Soil  Conservation  Service,  U.  S.  Department  of  Agriculture. 
Cooperative  research  in  the  mechanics  of  wind  erosion. 

"^The  author  wishes  to  acknowledge  gratefully  the  assistance  of  D.  A.  Russ,  agricultural 
aid,  who  performed  much  of  the  detailed  tabulation  and  calculation  required  for  the 
study;  also  to  thank  personnel  of  the  Weather  Bureau,  the  Bureau  of  Plant  Industry, 
Soils,  and  Agricultural  Engineering,  Soil  Conservation  Service - -Research,  and  the  Kansas 
Agricultural  Fvperiment  Station  who  made  the  data  available  and  assisted  in  its  assem- 
blage . 

^ZiNCG.  A.  W.  A  STUDY  OF  THE  MOVEMENT  OF  SURFACE  WIND.  Agr .  Engin.  30:  11-13,  19. 
1949. 

4 

GuMBEL.  E.  T.  THE  RETURN  PERIOD  OF  FLOOD  FLOWS.  Annals  of  Math.  Statistics,  12  (2): 
163-190.  1941. 

^Powell,  R.  W.  a  simple  method  of  estimating  flood  frequency.  Civ.  Engin.  13:  105- 
107.  1943. 
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Briefly,    the  method  used  is  based  on  two  relationships: 


=  ^4  +  5(0  7797y  -   0.45005)  and 


y   =  -  fog^        /o^g(l  -  i/tT] 


where  —   the  wind  ve loci  ty  equaled  or  exceeded  on   the  average  of  once  in  T 

years,   where     T    is  termed  the  recurrence  interval . 

Vj^  —  average  of  the  maximum  wind  velocities  in  miles  per  hour  for  a  specific 
cont inuous  period  (based  on  one  event  per  month  of  April  per  year  —  V) . 

S    —  standard  devi  at  ion  of  maximum  wind  ve  loci  t  ies  for  a  sped  f  ic  continuous 
period,  or 


y  —  function  of  wind  velocity  defined  hy  the  preceding  equation, 
n    —  number  of  months  of  April  of  record. 


Plotting  paper  is  prepared  on  which  the  hori^'ontal  lines  are  spaced  uniformly  and 
the  distance  between  the  vertical  lines  is  made  proportional  to  values  of  y.  The  re- 
lationship between  and  T  will  then  plot  as  a  straight  line.  For  a  value  of 
T  =  100,  equals  +  3.136  S.  Assuming  that  the  return  period  of  the  average  oc- 
currence is  equal  to  2.3276  years,  will  plot  at  a  value  of  T  =  2.3276.  A  straight 
line  yielding  values  of  V^,  up  to  100  years  may  be  drawn  through  the  plotting  of  at 
T  =  2.3276    and    V^.    at    T  =  100.     Observed  values  of  are  plotted  readily  by  locat- 

n  n 
ing  the  highest  of  record  at     T  =  — ,     the  next  highest  at     T  ="—,   etc.      The  lowest  has  a 

1  2 
value  of    T  =  1,     which  cannot  be  plotted  due  to  the  nature  of  the  coordinate  system. 

The  above  procedure  was  applied  to  maximum  wind  velocities  for  5-minute,  1-,  3-,  6-, 
and  12-hour,  and  to  1-,  3-,  7-,  and  30-day  periods  for  April  wind  records  available  from 
4  recording  anemometers.  It  was  followed  also  for  1-,  3-,  7-,  and  30-day  periods  for 
daily  wind  movement  records  available  from  8  anemometers  located  approximately  2  feet 
above  the  ground.     In  all,   67  frequency  curves  were  derived. 

RESULTS 

The  recurrence  intervals  of  average  maximum  wind  velocities  occurring  during  the 
month  of  April  for  various  dtjration  periods  are  shown  in  figures  1  through  12,  pages 
3  to  14.  Average  velocities  are  given  in  miles  per  hour  and  the  recurrence  intervals  i  n 
years . 

Figures  1  through  4,  pages  3  to  6,  are  for  'high'  anemometers  with  elevat ions ySO 
feet  above  the  ground  at  Manhattan,  Dodge  City,  Wichita,  and  Topeka,  Kans. ,  respectively. 
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All  frequency  curves  for  these  gages  were  developed  from  records  obtained  with  automatic 
recorders. 

Figures  5  through  11,  pages  7  through  13,  represent  the  frequency  curves  ob- 
tained for  'low'  anemometers  located  at  heights  of  1.5  to  2.5  feet  above  the  ground  at 
Manhattan,  Tribune,  Hays,  Colby,  and  Garden  City,  Kans.;  and  at  Amarillo,  Tex.  Figure 
12,  page  14,  is  for  a  record  obtained  for  an  8- foot  height  at  Colby,  Kans.  Gage  lo- 
cations, approximate  heights  above  ground,  and  the  periods  of  record  are  given  in  each  of 
the  figures.  Given  also  is  the  name  of  the  agency  responsible  for  the  collection  of  the 
data.  None  of  the  'low'  anemometers  were  equipped  with  automatic  recorders  and  the  basic 
records  consist  of  total  wind  movement  as  read  daily. 

A  study  of  the  curves  in  figures  1  through  12,  pages  3  to  14,  indicates  that 
frequency  methods  may  be  used  to  estimate  the  levels  of  April  wind  movement  for  a  given 
location  for  various  duration  periods.  It  appears  further  that  the  lines  established  for 
the  several  time  intervals  for  each  location  approximate  an  expanding  phenomenon  with 
respect  to  the  line  established  for  the  30-day  period.  This  fact  leads  to  the  premise 
that  the  datp  may  be  adaptable  to  generalization  on  a  dimensionless  basis. 

DTSaiSSION  AND  TNTERPRETATTCN  OF  RESULTS 

In  table  1,  page  16,  are  presented  the  ratios  of  wind  velocity  for  the  several 
duration  periods  to  the  average  for  the  30-day  period  for  recurrence  intervals  of  2,  10, 
and  50  years.  This  ratio  is  V^/V^.  It  is  obtained  by  reading  values  from  figures  1 
through  4,  pages  3  to  6,  for  the  'high'  anemometers.  When  multiplied  by  the  average 
level  of  wind  movement  for  the  month  of  April  at  a  given  location,  it  yields  the  velocity 
as  derived  by  the  frequency  curves  for  its  appropriate  duration  period  (t).  In  table 
2,  page  17,     comparable  data  for  the  'low'  anemometers  are  presented. 

Inspection  of  the  ratios     ^t^^A  table  1,   page  16,     leads  to  the  conclusion 

that  the  higher  the  anemometer  the  less  are  the  ratios  for  given  recurrence  intervals. 
Stated  another  way,  the  lower  the  gage  the  greater  is  the  variation  in  wind  velocity. 
This  fact  is  further  emphasized  when  the  ratios  secured  from  the  'high'  anemometers, 
hereafter  referred  to  as  group  1,  are  compared  with  those  for  the  'low'  anemometers, 
referred  to  subsequently  as  group  2.  The  data  are,  however,  too  meager  to  derive  a 
functional  relationship  of  the  ratios  to  height.  For  this  reason  they  will  be  considered 
here  on  the  grouo  basis. 

Average  ratios,     ^t^^A'      ^'^^  records  of  anemometer     group  1     are  shown  in 

table  1.  A  plotting  of  these  ratios  for  the  various  duration  periods  (t)  yields  the 
time-dimensionless  intensity- frequency  curves  of  figure  13- A,  page  18.  Comparable  data 
for  the  group  2  anemometers  are  given  in  figure  13'B.  The  solid  lines  represent  the 
relationships  for  the  data  for  the  period  from  1  to  30  days.  The  broken  lines  extending 
to  periods  of  1  hour  are  an  estimate  obtained  by  extrapolation.  This  C'xt rapolat ion  was 
made  by  graphical  methods  from  the  pattern  established  for  the  group  1  locations  and 
the  relationship  between  the  patterns  for  the  two  grouos  over  the  range  of  basic  data 
common  to  them.  They  should  be  considered  as  tentative  only,  until  such  time  as  records 
become  available  to  cover  this  void  in  present  knowledge. 

The  average  curves  of  figure  13-A  are  subject  to  a  large  error  of  estimate.  For 
a  1-hour  period,  the  root-mean-square  of  this  error  is  approximately  ^15  percent.  Their 
use  will  have  meaning  only  within  those  limits. 

The  limitations  of  making  reliable  estimates  from  short-time  records,  as  available 
here,  or  of  generalizing  estimates  for  a  specific  location  should  be  recognized  clearly. 
For  example,  estimates  are  shown  for  two  anemometers  at  a  height  approximately  2  feet 
above  the  ground  at  Hays,  Kans.     The  anemometers  are  located  a  few  feet  apart  and  are 
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Table  2. --Average  wind  velocities  for  various  duration  and  recurrence  intervals  ex- 
pressed  as  a  ratio  of  the  30-day  average  for  the  month  of  April.    Low  anemometers, 
1,5  to  2.5  feet  above  ground  elevation 


App  rox— 

i  mate 

Period 

Years 

Month ly 

Rat  i  0  = 

Anemometer 

he  i  ght 

of 

of 

ave  rage 

!  0 C2i"t  i  0 n 

above 

reco  rd 

reco  rd 

Du  rat  i  on 

(t) 

g  round 

l-da. 

3-da. 

7-da. 

30- 

-da. 

Feet 

Years 

Mi./hr. 

2-YEAR  RECURRENCE  INTERVAL 

Manhattan 

1.5 

1938-47 

10 

5. 

4 

2.  04 

1.61 

1  .34 

0 

97 

Tri  bune 

1 .67 

19 17-48 

32 

7. 

2 

2.  17 

1.58 

1  .26 

97 

Hays 

2.0 

1938-48 

1  1 

8. 

1 

2.  13 

1.6  1 

1.29 

.98 

Col  by 

2.0 

i 924-49 

26 

8. 

5 

2.00 

1 .55 

1.25 

98 

Amari  1  1  o 

2.5 

1939-49 

1  1 

8. 

6 

1  .86 

1.41 

1 .23 

.97 

Hays 

2.0 

^  1909-49 

40 

10. 

2 

2.0  1 

1.55 

1 .25 

98 

(1  a  rHp n   P  i  +  V 

2.15 

^  19  18-49 

3  1 

10.7 

1 .96 

1.  56 

1.25 

.98 

Ave  rage 

2.0 

23 

8. 

4 

2.02 

1 .55 

1  .27 

.98 

Col  by 

8.0 

1924-49 

26 

1  1 . 

5 

2.02 

1.56 

1 .26 

97 

1  D— YPAR 
1  \J     1  CMr 

RECURRENCE  INTERVAL 

Man  h  at  tan 

1  c 

1  .  5 

1 938— 47 

1  U 

5. 

4 

z .  u 

2.37 

1 .87 

1 

35 

Tri  bune 

1.0/ 

ly 1 /—4a 

32 

7. 

2 

3.24 
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1 .65 

1 

22 

Hays 

Z. .  U 

1 O  7  O  AQ 

1  y^o- 40 

1  1 

1  1 

8. 

1 

3.03 

2.45 

1.73 

1 

21 

Co  1  by 

z.  u 

1    o  /I  Ad 

1  y^4— 4y 

20 

8. 
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2.57 

2.  10 

1.57 

1 

20 

Ama  r  i  1 1 0 

2.  5 

1 939— 49 

1  1 
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1  .44 

1 

.  13 
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Z.  U 
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2.56 

1 .99 
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16 
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Ave  rage 

2.0 

23 

8. 

4 

2.76 

2.  14 

1 .62 

1 

21 

Co  1  by 
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1  1 . 
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50-YEAR 

RECURRENCE  INTERVAL 

Manhattan 
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1  1  . 
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2.54 

1 .84 
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read  by  the  same  observer.  One  has  an  11-year  record  and  the  other  a  40-year  record. 
The  former  yields  an  April  average  of  8.1  and  the  latter  10.2  miles  per  hour.  This  is  a 
difference  of  20  percent.  It  may  be  associated  with  time,  environment,  instrumentation, 
and  other  factors.     Variations  of  this  nature  made  it  advisable  to  group  the  data. 

It  is  apparent  that  wind  velocities  in  eastern  Kansas,  as  shown  by  records  obtained 
at  Topeka  and  Manhattan,  are  little  greater  than  half  of  those  experienced  at  comparable 
heights  in  the  High  Plains  area. 

In  round  figures,  an  average  April  velocity  of  8.5  miles  per  hour  at  a  2- foot  height 
appears  to  be  applicable  to  the  central  portion  of  the  High  Plains.  Twice  this  figure, 
or  17  miles  per  hour,  is  indicated  for  heights  of  approximately  60  feet.  Using  these 
figures,  levels  of  wind  movement,  as  calculated  from  the  charts  of  figure  13,  page  18, 
are  shown  for  short-time  intervals  in     table  3. 


Table  3. --Wind  velocities  in  miles  per  hour  estimated  for  the  central  portion  of  the 

High  Plains  region 


Height  above  ground 

Du  rat  i  on 

2  feet 

60  feet 

pe r i  od 

Recurrence  interval 

Rec 

urrence  interval 

2 

10 

50 

2 

10 

50 

years 

y  ears 

years 

years 

years 

years 

M I L  e  s / hour 

Ml  Les/ hour 

1   hou  r 

28 

37 

43 

43 

49 

55 

3  hou  rs 

26 

33 

40 

41 

47 

53 

12  hours 

2  1 

27 

33 

35 

40 

45 

1  day 

17 

23 

29 

30 

36 

40 

3  days 

1  3 

17 

22 

24 

29 

34 

SUMMARY 

The  wind  velocities  experienced  during  the  month  of  April  at  several  locations  in 
the  central  Great  Plains  region  are  analyzed  by  a  simplified  Gumbel  method.  The  records 
from  12  anemometers  were  included  in  the  study. 

The  results  of  frequency  studies  for  specific  locations  and  gages  are  shown  in 
graphic  form.  These  data  were  generalized  into  time-dimensionless  intens ity- frequency 
curves.  Estimates  were  thus  developed  for  heights  averaging  65  feet  above  the  ground  for 
time  periods  varying  from  5  minutes  to  30  days.  They  were  also  developed  from  time 
periods  varying  from  1  hour  to  30  days  for  a  2- foot  height  above  the  ground. 
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